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Numerial results for the degree of polarization of τ
−
produed in (CC) neutrino - nuleon Deep Inelasti
Sattering (DIS) are presented. Calulations are done in the threshold region, where the τ
−
sattered by the
small angles an be partially polarized. The ross setions and polarization are alulated by using the GRV98
parton distributions funtions (PDF's) and the GRV98 with modiations of A. Bodek at.al. [9℄.
1. Introdution
The osillation of muon to tau neutrinos is
the most aeptable solution of the atmospheri
muon neutrino deit measured in the Super
Kamionkande. Experiments suh as ICARUS,
OPERAwill verify it by observation of tau neutri-
nos resulting from osillations of the CNGS muon
neutrinos. The expeted number of ντ events will
not be large. Therefore a detailed analysis of ex-
perimental data based on a good theoretial de-
sription of the neutrino-matter interation will
be neessary.
The tau leptons produed in the neutrino-
matter interation an not be measured diretly
beause of their short lifetime, therefore their de-
ay produts must be deteted. The large mass
of the tau lepton implies that it may not be fully
polarized [1,2℄. The degree of its polarization is
one of the parameters of its deay [3℄. Hene it
is important to take into onsideration the polar-
ization properties of τ . It an play an important
role in the analysis of experimental data.
The polarization of the tau lepton produed in
the neutrino - matter interation has been the
subjet of several papers [4,5,6,7℄. In [4,5℄ the al-
ulation were performed for quasielasti neutrino-
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nuleon sattering, for single pion prodution,
and for deep inelasti sattering. The polariza-
tion vetor was obtained from the spin density
matrix.
In the CNGS experiments the majority of neu-
trinos is deteted by the observations of the prod-
uts of their inelasti sattering on nuleons. Usu-
ally to desribe the events with small values of
hadroni invariant mass some kind of the res-
onane model like Rein-Sighal is used. Other
events are desribed within the Deep Inelasti
Sattering formalism.
The tau leptons produed in the inelasti sat-
tering are usually haraterized by higher degree
of polarization [4℄ but for small neutrino energies
and small sattering angles the taus may be par-
tially polarized. In the present paper we fous on
this energy and sattering angle values.
The DIS formalism is desribed by the stru-
ture funtions expressed in terms of parton distri-
bution funtions (PDF's). We adopt the GRV98
PDF's from [8℄, but it seems that in the region
of small Q2 they need to be modied. A. Bodek
et. al. [9℄ proposed a modiation based on the
new experimental data from JLab. We disuss
how these modiations inuene the produed
leptons degree of polarization and its energy dis-
tribution.
1
22. Theoretial desription
We onsider the following proess:
ν(k) +N(p)→ τ−(k′, sµ) +X
The produed tau lepton is polarized and is har-
aterized by a spin four-vetor sµ whih satises
in any frame the relations: k′µs
µ = 0, s2µ = −1.
The ross setion is proportional to the ontra-
tion of the lepton tensor with the hadron tensor:
dσ(k, q, s) ∼ LµνW
µν .
We use the well known form of the hadron tensor
[10℄
Wµν = −gµνF1 +
pτpν
p · q
F2 − i
ǫµναβp
αqβ
2p · q
F3
+
qµqν
p · q
F4 +
pµqν + pνqµ
2p · q
F5 (1)
Fi (i=1,2,...,5) are the struture funtions. The
lepton tensor:
Lµν = 8
(
kµk
′
ν + kνk
′
µ − gµνk
′
αk
α − iǫµναβk
αk′
β
)
+8msα
(
kνgαµ + kµgνα − gµνkα − iǫµνβαk
β
)
is a sum of two ontributions: one is linear in the
tau lepton momentum k′ the other in its mass m
and its spin four-vetor sµ.
The polarization of the τ measured in the di-
retion of the four-vetor sµ is given by [11℄:
Psµ =
dσ(k, q, s)− dσ(k, q,−s)
dσ(k, q, s) + dσ(k, q,−s)
≡ Pµs
µ
(2)
whih denes Pµ { the polarization vetor of the
tau.
We introdue the four-vetors e
µ
l , e
µ
t , e
µ
p [1,7℄
whih in the LAB frame have the following form:
eµ
l
=
1
m
(
|k′|, Eτ
k′
|k′|
)
, eµt =
(
0,
k× k′
|k× k′|
)
,
eµp =
(
0,
et × k′
|k′|
)
.
Writing the polarization four-vetor as a linear
ombination of k′, el, ep and et:
Pµ = αk′
µ
+ eµ
l
Pl + e
µ
pPp + e
µ
t Pt (3)
denes its longitudinal Pl, perpendiular Pp and
transverse Pt omponents.
To dene the degree of polarization it is useful
to go into the rest frame of the tau lepton where
the spin four-vetor sµ has the form:
sµ = (0, sˆ), sˆ
2 = 1
Thus the polarization measured in the diretion
given by sˆ is equal to:
Ps = −P · s = −|P| cos(β)
β being the angle between P and sˆ. It is easy to
notie that in this frame k
′ = 0 and (3) implies:
P = elPl + epPp + etPt (4)
The quantity
P = |P| =
√
P2
l
+ P2p + P
2
t . (5)
is alled the degree of polarization of tau and is
frame independent.
In the LAB frame we hoose the oordinate sys-
tem in whih Pt vanishes and we obtain the fol-
lowing analyti formulas for the dierential ross
setion and polarization vetor omponents [4℄:
dσ
dEτd cos(θ)
=
G2pτ
4πM
F
G2pτ
4πM
(
2F1(Eτ − pτ cos(θ)) + F2
M
q0
(Eτ + pτ cos(θ))
+
F3
q0
(
EEτ + p
2
τ − (E +Eτ )pτ cos(θ)
)
−
m2
q0
F5
)
(6)
Pp =
−
1
2
(
2F1(pτ − Eτ cos(θ)) + F2
M
q0
(pτ +Eτ cos(θ))
+
F3
q0
((E +Eτ )pτ − (EEτ + p
2
τ ) cos(θ)) −
m2
q0
F5 cos(θ)
)
/F
Pp = −
m sin(θ)
2
(
2F1 − F2
M
q0
+
E
q0
F3 +
E
q0
F5
)
/F
where E is the neutrino energy, Eτ denotes tau
energy, q0 = E − Eτ is the energy transfer, pτ
stands for the lepton momentum and M for nu-
leon mass. It is assumed that F4 = 0 and
xF5 = F2.
3. Numerial results
The allowed kinematial region for the DIS for-
malism is restrited by the ondition for minimal
possible hadroni invariant mass W > M +mπ.
The results for the GRV98 (LO) PDF's are ob-
tained with a freeze of Q2 at 0.8 GeV2. The im-
plementation of the GRV98 with modiations of
A. Bodek is based on the desription from the
original paper [9℄.
In the gures 1 and 2 we present the depen-
dene of the degree of the polarization of τ− on
3 
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Fig. 1. In the harts the dependene of the degree of po-
larization of τ− on its energy and orrespond and the
dierential ross setion are presented. The alulations
are done for the three sattering angles θ = 0o, 3o, 6o. We
ompare the plots in the rst row where the dierential ross
setions are shown with the seond row with appropriate
plots of the degree of polarizations. The alulations are
done for the neutrino energy of 4.5 GeV and two sets of
PDF's GRV98 { solid (red) line and GRV98 with A. Bodek
at al. modiations { dashed (green) line.
Eτ energy. The tau lepton is produed in neu-
trino - isosalar target (N = 1
2
(p + n)) satter-
ing. The alulations are done for 4.5 and 8 GeV
neutrino energy and for three sattering angles
θ = 0o, 3o, 6o. The harts of the degree of po-
larization are presented together with the plots of
the orresponding dierential ross setions given
by formula (6).
For the neutrino energy of 4.5 GeV (Fig. 1)
the ross setions whih are obtained by using
the GRV98 PDF's with modiations are several
times bigger than those alulated by adopting
the GRV98 PDF's. However the degree of polar-
ization are omparable.
For the GRV98 PDF's the degree of the po-
larization has minimum whih divides the polar-
ization urve into two branhes. These branhes
orrespond two dierent sings of longitudinal po-
larization and at the minimum Pl vanishes. The
lower (higher) energies of τ− orrespond to posi-
tive (negative) sign of Pl respetively. This eet
was learly explained by K. Hagiwara at. al. [4℄.
In the enter of mass frame (CM) all tau leptons
produed in νN reation are left-handed and are
sattered in the all diretions. Performing the
Lorentz boost to the LAB frame an transform a
left-handed τ− sattered in bakward diretion in
the CM frame into a right-handed one sattered
in the forward diretions in the LAB frame. The
degree of polarization of τ− alulated by using
GRV98 PDF's with modiations have only the
rst branh of polarization urves. It means that
for the neutrino energy of 4.5 GeV the leptons are
haraterized by positive sign of the heliity.
In the ase of the neutrino energy of 8 GeV
Fig. 2, the mentioned above eet appear for the
both used set of PDF's. The ross setions as well
as the degree of polarization of τ− alulated by
using the GRV98 PDF's with and without modi-
ations are almost the same.
Summary
The degree of polarization of the τ− produed
in the νN inelasti sattering in the threshold re-
gion for the small sattering angles has the mini-
mum in the same plae where the dierential ross
setion reahes its maximum. The τ− sattered
forward whih have energy about lose to the neu-
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Fig. 2. In the harts the dependene of the degree of po-
larization of τ− on its energy and orrespond and the
dierential ross setion are presented. The alulations
are done for the three sattering angles θ = 0o, 3o, 6o. We
ompare the plots in the rst row where the dierential ross
setions are shown with the seond row with appropriate
plots of the degree of polarizations. The alulations are
done for the neutrino energy of 8 GeV and two sets of PDF's
GRV98 { solid (red) line and GRV98 with A. Bodek at al.
modiations { dashed (green) line.
trino energy will be only partially polarized.
In the threshold region the PDF's the GRV98
with and without orretions give very dierent
values of ross setion. The Pl obtained by us-
ing GRV98 with modiations (for E=4.5) has
positive sign. The dierenes of results given by
appliation of two investigated sets of PDF's dis-
appear for higher neutrino energies.
Summary
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